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 ZDV SUHSDUHG E\ VROLGVWDWH UHDFWLRQ DQG WKH HOHFWULFDO SURSHUWLHV PHDVXUHG E\
LPSHGDQFH VSHFWURVFRS\ $IWHU DQQHDOLQJ LQ 2 DW  & %L)H2 LV DQ HOHFWURQLFDOO\
KRPRJHQHRXV LQVXODWRU ,WVKLJKIUHTXHQF\SHUPLWWLYLW\ LVFRQVWDQWRYHU WKH WHPSHUDWXUH UDQJH
 & DQG VKRZV QR HYLGHQFH RI LQFLSLHQW IHUURHOHFWULFLW\ DW ORZHU WHPSHUDWXUHV 2Q
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%L)H2ZDVSUHSDUHGE\ERWKVROLGVWDWHUHDFWLRQDQGPHFKDQRV\QWKHVLV,WVKRZHGDPRGHVW
DPRXQWRIPL[HGFRQGXFWLRQRIERWKR[LGHLRQVDQGKROHV,PSHGDQFHDQDO\VLVVKRZHGDFRPSOH[
UHVSRQVHWKDWEHVWILWWHGDQHTXLYDOHQWFLUFXLWFRQVLVWLQJRIDSDUDOOHOFRPELQDWLRQRIORQJUDQJH
FRQGXFWLRQDQGVKRUWUDQJHGLHOHFWULFUHOD[DWLRQHOHPHQWV
7KHHOHFWULFDOFRQGXFWLYLW\RIERWK%L)H2DQG%L)H2LVOHVVWKDQWKDWRI%L)H2SUHSDUHG
E\VROLGVWDWHUHDFWLRQZKLFKLQGLFDWHVWKDWDQ\OHDNDJHFRQGXFWLYLW\RI%L)H2LVQRWGXHWRWKH
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PHFKDQLVP RI LWV FRQGXFWLYLW\ 6RPH DXWKRUV DWWULEXWH WKH HOHFWURQLF FRQGXFWLYLW\ WR D PL[HG
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RWKHUVDWWULEXWHLW WRWKH
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%L)H2EXWWKHUHLVQRUHSRUWHGFOHDUHYLGHQFHIRUWKHSDUWLDOVWDELOL]DWLRQRI%LLPSOLHGE\
WKLVIRUPXOD>@%L)H2VKRZVSKRWRFDWDO\WLFDFWLYLW\XQGHUXOWUDYLROHWDQGYLVLEOHOLJKW
LUUDGLDWLRQ>@DQGSKRWRFKURPLFSURSHUWLHVKDYHEHHQUHSRUWHGLQVLQJOHFU\VWDOV>@7KH
PDJQHWLF SURSHUWLHV RI %L)H2 DUH XQFOHDU 6RPH DXWKRUV VKRZHG SDUDPDJQHWLF EHKDYLRU
EHWZHHQ.DQG.>@ZKLOHRWKHUVVXJJHVWHGHLWKHUIHUULRUIHUURPDJQHWLFEHKDYLRU
>@7RWKHEHVWRIRXUNQRZOHGJHWKHHOHFWULFDOSURSHUWLHVRI%L)H2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VWXGLHG
%L)H2LVRUWKRUKRPELFVSDFHJURXS3EDPZLWKDPXOOLWHVWUXFWXUH>@,WLVDQWLIHUURPDJQHWLF
ZLWK D 1pHO WHPSHUDWXUH RI  . >@ ,W LV DOVR FODLPHG WR EH PXOWLIHUURLF >@
DQWLIHUURPDJQHWLFRUGHUVWHPVIURPSDUWLDOO\ILOOHGGRUELWDOVRI)H>@DQGWKHVWHUHRFKHPLFDOO\
DFWLYH HOHFWURQ ORQH SDLU RQ %L FRXOG SHUKDSV IDYRXU D IHUURHOHFWULF GLVWRUWLRQ LQ LWV FU\VWDO
VWUXFWXUH +RZHYHU WKH HYLGHQFH IRU IHUURHOHFWULFLW\ LV QRW VWURQJ +\VWHUHVLV GDWD KDYH EHHQ
UHSRUWHG>@LQZKLFKWKHSRODUL]DWLRQHOHFWULFILHOGFXUYHVWHQGWRJLYHRYDOUDWKHUWKDQ
IHUURLFVKDSHGK\VWHUHVLV ORRSV DQG LQRQH UHSRUW >@ LWZDV VWDWHG WKDW WKH 3(FXUYHVZHUH
µFKDUDFWHULVWLF RI YHU\ SRRU IHUURHOHFWULF PDWHULDOV¶ %L)H2 SUHVHQWV FDWDO\WLF DFWLYLW\ XQGHU
YLVLEOHOLJKWLUUDGLDWLRQ>@ZLWKDEDQGJDSRIDERXWH9>@
2QHREMHFWLYHRIWKHSUHVHQWZRUNZDVWRPHDVXUHWKHHOHFWULFDOSURSHUWLHVRISKDVHSXUHVDPSOHV
RI %L)H2 DQG %L)H2 DQG GHWHUPLQH ZKHWKHU DV VHFRQGDU\ SKDVHV WKH\ FRXOG SHUKDSV
FRQWULEXWHWRWKHHOHFWULFDOSURSHUWLHVRIVHPLFRQGXFWLQJ%L)H2,WZDVDOVRRILQWHUHVWWRPHDVXUH
WKHLUHOHFWULFDOSURSHUWLHVWRWHVWIRUSRVVLEOHR[LGHLRQFRQGXFWLRQDQGGLHOHFWULFUHOD[DWLRQHIIHFWV
LQ%L)H2DQGWRPHDVXUHWKHSHUPLWWLYLW\RI%L)H2VLQFHVRPHRWKHUVLOOHQLWHVKDYHEHHQ
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ZKLFKZHUHXVHG DVUHFHLYHG
%L)H2ZDVSUHSDUHGE\ERWKVROLGVWDWHUHDFWLRQDQGGLUHFWPHFKDQRV\QWKHVLV)RUWKHODWWHU
VDPSOHVZHUHPLOOHGXQGHUEDURI2SUHVVXUHLQD3XOYHULVHWWHSODQHWDU\PLOO)ULWVFK,GDU
2EHUVWHLQ*HUPDQ\ZKLFKKDGEHHQPRGLILHGWRRSHUDWHXQGHUGLIIHUHQWDWPRVSKHUHVDWKLJK
SUHVVXUHV+DUGHQHGVWHHOMDUVFPYROXPHDQGEDOOVEDOOVPPGLDPHWHUZHUHXVHG
7KHSRZGHUWREDOOPDVVUDWLRZDVVHWDWDQGWKHVSLQQLQJUDWHRIWKHVXSSRUWLQJGLVFDQGWKH
VXSHULPSRVHGURWDWLRQRIWKHMDUVLQWKHRSSRVLWHGLUHFWLRQZDVVHWDWUSP7KHPLOOLQJWLPH
ZDVK&ROGSUHVVHGSHOOHWVZHUHSUHSDUHGXVLQJDXQLD[LDOSUHVVDQGVLQWHUHGLQDLUDW&
IRUK
%L)H2DQGDOVR%L)H2ZHUHSUHSDUHGE\FRQYHQWLRQDOVROLGVWDWHUHDFWLRQIURPR[LGHUDZ
PDWHULDOVZKLFKZHUHPL[HGLQDQDJDWHPRUWDU3HOOHWVZHUHFROGSUHVVHGDQGUHDFWLRQVLQWHUHG
DW  & IRUK IRU%L)H2 DQGDW  & IRUPLQ IRU%L)H2 LQ DLU LQ DOXPLQD
FUXFLEOHV6XEVHTXHQWLPSHGDQFHPHDVXUHPHQWVRQ%L)H2LQGLFDWHGWKHSRVVLELOLW\RISDUWLDO
UHGXFWLRQRIVDPSOHVKHDWHGLQDLUDQGWKHUHIRUHDVHULHVRIVDPSOHVZDVDOVRSUHSDUHGZKLFKZHUH
JLYHQ D ILQDO KHDWLQJ LQ HLWKHU 2 RU 1 DW  & IRU GLIIHUHQW WLPHV SULRU WR LPSHGDQFH
PHDVXUHPHQWV
;5'SDWWHUQVZHUHFROOHFWHGRQSRZGHUHGVDPSOHVRIHLWKHUUHDFWHGSRZGHUVRUFUXVKHGVLQWHUHG
SHOOHWVXVLQJD3DQDO\WLFDO;
3HUW3URGLIIUDFWRPHWHUZRUNLQJDWN9DQGP$&X.ĮUDGLDWLRQ
DQGHTXLSSHGZLWKDQ;
&HOHUDWRUGHWHFWRU5LHWYHOGUHILQHPHQWVZHUHFDUULHGRXWZLWK)XOO3URI
VRIWZDUH7KHEDFNJURXQGZDVUHILQHGXVLQJDVL[WKRUGHUSRO\QRPLDOIXQFWLRQDQGDSVHXGR
9RLJWSURILOHIXQFWLRQZLWKD[LDOGLYHUJHQFHDV\PPHWU\WRUHILQHSHDNVKDSHV3HDNVKDSHVODWWLFH
SDUDPHWHUV DQG VFDOH IDFWRU ZHUH UHILQHG VLPXOWDQHRXVO\ $WRPLF SRVLWLRQV DQG LVRWURSLF
WHPSHUDWXUHIDFWRUVZHUHVXEVHTXHQWO\LQFOXGHGLQWKHUHILQHPHQW7KHPLFURVWUXFWXUHRISHOOHWHG
VDPSOHV ZDV DQDO\]HG E\ VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 XVLQJ D +LWDFKL 6
PLFURVFRSH &URVVVHFWLRQV RI WKH SHOOHWV ZHUH WKHUPDOO\ HWFKHG IRU  PLQ DW  RI WKH
FRUUHVSRQGLQJ VLQWHULQJ WHPSHUDWXUH WR UHYHDO WKH JUDLQ ERXQGDULHV )RU HOHFWULFDO SURSHUW\
PHDVXUHPHQWVUHDFWHGSRZGHUVZHUHSUHVVHGLQWRGLVNVaPPGLDPHWHUE\XQLD[LDOSUHVVLQJDW
*3DDQGVLQWHUHG7KHGHQVLW\RIWKHSHOOHWVZDVPHDVXUHGE\WKH$UFKLPHGHV¶PHWKRGXVLQJ
GLVWLOOHG ZDWHU DW URRP WHPSHUDWXUH DV WKH LPPHUVLRQ OLTXLG (OHFWURGHV ZHUH IDEULFDWHG IURP
VSXWWHUHGJROGXVLQJD&UHVVLQWRQJ6SXWWHUDXWR(OHFWURGHGVDPSOHVZHUHFRQQHFWHGWRWKH
SODWLQXP ZLUHV RI D FRQGXFWLYLW\ MLJ ZKLFK ZDV SODFHG LQWR D KRUL]RQWDO WXEH IXUQDFH 7KH
DWPRVSKHUH LQVLGH WKH MLJ FRXOG EH YDULHG EHWZHHQ R[\JHQ DLU DQG QLWURJHQ 7KH HOHFWULFDO
SURSHUWLHV RI VDPSOHV ZHUH FKDUDFWHUL]HG E\ LPSHGDQFH VSHFWURVFRS\ WDNLQJ LQWR DFFRXQW WKH
EODQN FDSDFLWDQFH RI WKH FRQGXFWLYLW\ MLJ DQG WKH RYHUDOO SHOOHW JHRPHWU\ 7KH LPSHGDQFH
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/RXJKERURXJK8.RYHU
WKHIUHTXHQF\UDQJH+]WR0+]ZLWKDQacPHDVXULQJYROWDJHRI9$dcELDVRI9
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WKHGDWDZHUHDQDO\]HGE\5LHWYHOGUHILQHPHQWZLWKILQDO
SDUDPHWHUVVKRZQLQ7DEOH6ZKLFKDOVRFRQILUPHGWKHDEVHQFHRIDQ\VHFRQGDU\SKDVHV)RU
WKH5LHWYHOGUHILQHPHQWLQSXWFU\VWDOORJUDSKLFGDWDZHUHREWDLQHGIURPWKHOLWHUDWXUH>@ WKH
UHILQHG FRRUGLQDWHV 7DEOH 6 ZHUH HVVHQWLDOO\ WKH VDPH DV UHSRUWHG DQG FRQILUP WKH PXOOLWH
VWUXFWXUHRI%L)H2$6(0PLFURJUDSKLVVKRZQLQ)LJ*UDLQVL]HZDVȝP7KH
SHOOHWGHQVLW\ZDVGHWHUPLQHGE\WKH$UFKLPHGHV¶PHWKRGWREH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DLU
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,PSHGDQFHGDWDIRUVDPSOHVDQQHDOHGLQDLU2DQG1 UHIHUUHG WRKHUHDV WKHDLU2DQG1
VDPSOHV DW  R& ZHUH PHDVXUHG LQ DLU DSDUW IURP WKH VDPSOHV KHDWHG LQ 1 ZKLFK ZHUH
PHDVXUHG LQ 1 ,PSHGDQFH PHDVXUHPHQWV ZHUH PDGH RYHU WKH WHPSHUDWXUH UDQJH URRP
WHPSHUDWXUHWR&$VHOHFWLRQRIUHVXOWVLVVKRZQLQ)LJV2DLUDQG1
7KHLPSHGDQFHFRPSOH[SODQHSORWVDVKRZDVLQJOHDUFIRUDOOWKUHHVDPSOHVEXWUHSORWWLQJWKH
VDPHGDWDDVFRPELQHG=¶¶0¶¶VSHFWURVFRSLFSORWV EVKRZV WKHDSSHDUDQFHRIDQDGGLWLRQDO
KLJKIUHTXHQF\HIIHFWHVSHFLDOO\IRUWKH1VDPSOHLQWKH0´SORWV7KH=¶¶0¶¶SORWVVKRZD
VLQJOHSHDNZLWKDOPRVWFRLQFLGHQWIUHTXHQF\IRU2DQGDLUVDPSOHV)LJVEZKLFKLQGLFDWHV
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WKDWWKHVDPSOHVZHUHHOHFWULFDOO\KRPRJHQHRXV7KHVPDOORIIVHWLQSHDNSRVLWLRQVLVDWWULEXWHG
WRWKHQRQLGHDOLW\RIWKHLPSHGDQFHGDWDZKLFKUHTXLUHVLQFOXVLRQRIDFRQVWDQWSKDVHHOHPHQW
&3(IRUDFFXUDWHFLUFXLWILWWLQJGLVFXVVHGODWHU7KH1VDPSOH)LJEKRZHYHUVKRZVQRQ
RYHUODSSLQJ=¶¶0¶¶SHDNVDQGDWXUQXSLQ0¶¶DWKLJKIUHTXHQFLHVZKLFKWDNHQWRJHWKHULQGLFDWH
WKDWWKH1VDPSOHZDVQRORQJHUKRPRJHQHRXV
7KHVLQJOHSHDNLQWKH0¶¶SORWRIWKH2VDPSOH)LJEFRUUHVSRQGVWRWKHFRPSRQHQWZLWKWKH
VPDOOHVWFDSDFLWDQFHZKLFKWKHUHIRUHUHSUHVHQWVWKHVDPSOHEXON7KHRYHUODSSLQJ=¶¶SHDNDQG
WKHFRUUHVSRQGLQJDUFLQWKHLPSHGDQFHFRPSOH[SODQHSORWDDOVRUHSUHVHQWWKHEXONUHVLVWDQFH
,PSHGDQFHGDWDIRUWKH2VDPSOHILWWHGDFFXUDWHO\WKHHTXLYDOHQWFLUFXLWVKRZQLQ)LJDLQVHW
ILWVWR&¶=¶¶YV=¶<¶DQG0¶¶=¶¶DUHJLYHQLQDGILWWLQJUHVLGXDOVLQHDQGVXPPDUL]HGILW
SDUDPHWHUVIRUILYHWHPSHUDWXUHVLQ7DEOH$Q$UUKHQLXVSORWRIWKHEXONFRQGXFWLYLW\5)LJ
ILVOLQHDUZLWKDFWLYDWLRQHQHUJ\H96WRLFKLRPHWULF%L)H2 LVWKHUHIRUHDPRGHVW
HOHFWURQLFFRQGXFWRUZLWKDFRQGXFWLYLW\RIHJ[6FPDW&7KHUHZDVQRHYLGHQFH
IURP WKH ORZ IUHTXHQF\ FDSDFLWDQFH GDWD )LJ D IRU DQ\ LRQLF FRQGXFWLRQ LI R[LGH LRQ
FRQGXFWLRQZHUHSUHVHQWWKLVVKRXOGJLYHULVHWRKLJKVDPSOHHOHFWURGHFDSDFLWDQFHVLQWKHUDQJH
ȝ)ZKHUHDVH[SHULPHQWDO&¶GDWDGLGQRWH[FHHGS))LJV
&¶GDWD)LJFVKRZDKLJKIUHTXHQF\SODWHDXZLWKDYDOXHLQWKHUDQJHS)FP7KLV
FRUUHVSRQGVWRWKHOLPLWLQJKLJKIUHTXHQF\SHUPLWWLYLW\RIWKHVDPSOHİ¶fFDOFXODWHGXVLQJWKH
HTXDWLRQİf¶ &fHZKHUHH [)FPZLWKDW\SLFDOYDOXHRIYDOXHVRIİ¶fDVD
IXQFWLRQRIWHPSHUDWXUHDUHVXPPDUL]HGLQ7DEOH&fLVUHSUHVHQWHGE\WKHHOHPHQW&LQ)LJ
DLQVHW7KHYDOXHVRIİ¶fDUHLQGHSHQGHQWRIWHPSHUDWXUHRYHUWKHUDQJH&7DEOH
DQGVKRZQRHYLGHQFHIRUDGHFUHDVHZLWKLQFUHDVLQJWHPSHUDWXUHZKLFKFRXOGEHLQWHUSUHWHGDV
&XULH:HLVVEHKDYLRULQGLFDWLYHRIDSKDVHWUDQVLWLRQWRDIHUURHOHFWULFVWUXFWXUHDWVRPHORZHU
WHPSHUDWXUH :H WKHUHIRUH ILQG QR HYLGHQFH IRU SRVVLEOH PXOWLIHUURLF EHKDYLRU DW ORZHU
WHPSHUDWXUHVRI%L)H2
7KH&¶GDWDDWIUHTXHQFLHVEHORZWKH&fSODWHDX)LJFVKRZDVPDOOOLQHDULQFUHDVHZKLFK
LQGLFDWHVDGHSDUWXUHIURPWKHIUHTXHQF\LQGHSHQGHQWEHKDYLRXUH[SHFWHGIRUDQLGHDOSDUDOOHO5&
HOHPHQW 7KLV ZDV PRGHOOHG E\ LQFOXVLRQ RI WKH FRQVWDQW SKDVH HOHPHQW &3( LQ WKH FLUFXLW
HOHPHQW WKDW UHSUHVHQWV WKH EXON LPSHGDQFH RI WKH VDPSOH 6LPLODUO\ WKH KLJK IUHTXHQF\
GLVSHUVLRQLQ<¶GDWD)LJFDUHPRGHOOHGE\&3(
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
)LJ,PSHGDQFHGDWDRYHUWKHWHPSHUDWXUHUDQJH&IRU%L)H2DQQHDOHGLQ2D,PSHGDQFH
FRPSOH[SODQHSORWVE=´0´VSHFWURVFRSLFSORWVDW&F&¶VSHFWURVFRSLFSORWV
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
)LJ,PSHGDQFHGDWDRYHUWKHWHPSHUDWXUHUDQJH&IRU%L)H2UHDFWLRQVLQWHUHGDW&IRU
KLQDLUD,PSHGDQFHFRPSOH[SODQHSORWVE=´0´VSHFWURVFRSLFSORWVDW&F&¶VSHFWURVFRSLF
SORWV
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
)LJ ,PSHGDQFHGDWDRYHU WKH WHPSHUDWXUH UDQJH&IRU%L)H2 DQQHDOHG LQ1 IRUK D
,PSHGDQFHFRPSOH[SODQHSORWVE=´0´VSHFWURVFRSLFSORWVDW&F&¶VSHFWURVFRSLFSORWV
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
)LJ)LWWHGDQGH[SHULPHQWDOLPSHGDQFHGDWDPHDVXUHGDW&IRU%L)H2DQQHDOHGLQ2D&¶
VSHFWURVFRSLFSORWELPSHGDQFHFRPSOH[SODQHSORWF<¶VSHFWURVFRSLFSORWG=´0´VSHFWURVFRSLF
SORWVH=¶=´VSHFWURVFRSLFSORWVDQGUHVLGXDOVI$UUKHQLXVSORWIRU5


 ? ?

7DEOH  )LWWHG SDUDPHWHUV IRU WKH HTXLYDOHQW FLUFXLW VKRZQ LQ )LJ D LQVHW XVHG WR VLPXODWH WKH
LPSHGDQFHGDWDIRU%L)H2UHDFWLRQVLQWHUHGDW&IRUKLQDLU


)LJXUH6VKRZVWKHGHSHQGHQFHRIWKHLPSHGDQFHUHVSRQVHRI%L)H2RQHLWKHUDDWPRVSKHUH
1DLUDQG2DIWHUHTXLOLEUDWLQJWKHV\VWHPIRUPLQVXUURXQGLQJWKH2VDPSOHRUEDQ
DSSOLHGdc ELDV 7KH FRQGXFWLYLW\ LV HVVHQWLDOO\ LQGHSHQGHQW RI ERWKS2 DQG DSSOLHGdc ELDV
ZKLFKLQGLFDWHVWKDWWKHPRGHVWOHYHORIHOHFWURQLFFRQGXFWLYLW\RIWKHVDPSOHLVLQWULQVLF
,PSHGDQFHGDWDIRUWKHDLUDQGHVSHFLDOO\1VDPSOHVKRZHYHUVKRZHGHYLGHQFHIRUHOHFWULFDO
LQKRPRJHQHLW\WKDWPD\EHDVVRFLDWHGZLWKDVPDOODPRXQWRIR[\JHQORVV7KH0¶¶VSHFWUDVKRZ
WKHRQVHWRIDSHDNVDWKLJKHUIUHTXHQF\)LJEZKLFKLVRIORZUHODWLYHUHVLVWDQFHVLQFHLW
GRHVQRWDSSHDULQWKHFRUUHVSRQGLQJ=¶¶VSHFWUD7KLVPD\EHDWWULEXWHGWRR[\JHQORVVDFFRUGLQJ
WR
2 2H

DQGWKHFUHDWLRQRIH[WULQVLFQW\SHVHPLFRQGXFWLRQ$IWHUDQQHDOLQJLQ2WKHFKDQJHVWKDWZHUH
FDXVHGE\KHDWLQJIRUKLQ1ZHUHUHYHUVLEOHDQGWKHKLJKIUHTXHQF\0¶¶DQRPDOLHVGLVDSSHDUHG
$IWHUORQJHUWLPHVDWR&LQ1KRZHYHUWKHHIIHFWVPD\EHLUUHYHUVLEOHVLQFH;5'RISHOOHW
VXUIDFHVVKRZHGWKHDSSHDUDQFHRIDVPDOODPRXQWRI)H2ZKLFKLQFUHDVHGZLWKDQQHDOLQJWLPH
LQ1)LJ6,WDSSHDUVWKHUHIRUHWKDW%L)H2LVVWDEOHDW&RQO\LQWKHSUHVHQFHRIDQ
R[LGL]LQJDWPRVSKHUH
7KHLPSHGDQFHGDWDIRUWKH1VDPSOH)LJVKRZDGLVWRUWHGDUFHVSHFLDOO\IRUORQJDQQHDOLQJ
WLPHVIURPZKLFKWKHWRWDOUHVLVWDQFHVZHUHH[WUDFWHGDQGDUHVKRZQWRJHWKHUZLWKGDWDIRUWKH
2VDPSOHLQ)LJDVFRQGXFWLYLW\$UUKHQLXVSORWV:LWKLQFUHDVHGDQQHDOLQJWLPHLQ1WKH
RYHUDOOFRQGXFWLYLW\LQFUHDVHGLWLVQRWFOHDUZKHWKHUWKLVZDVGXHWRWKHSUHVHQFHRIFRQGXFWLQJ
)HR[LGHVWRR[\JHQORVVIURP%L)H2RUWRDFRPELQDWLRQRIERWKHIIHFWV,WLVDOVRQRWFOHDU
ZKHWKHUGHFRPSRVLWLRQRI%L)H2 LQDWPRVSKHUHVRI ORZHUS2 DW&ZDVGXH WR ORVVRI
%L2E\HYDSRUDWLRQIURPWKHVDPSOHDOWKRXJKLIWKLVZHUHWKHFDVHLWVKRXOGSUHVXPDEO\EH
LQGHSHQGHQWRIS2$OWHUQDWLYHO\WKHVDPSOHPD\VWDUWWRORVHR[\JHQLQORZS2ZKLFKWKHQ
FDWDO\]HGWKHORVVRI%L
7&     
5NȍFP [ [ [ [ 
$S6FPUDGQ     
Q  IL[HG IL[HG IL[HG IL[HG
&S)FP     
İ¶f     
 ? ?

7KH0´SORWVIRUWKHDLUDQG1VDPSOHVVKRZHGWKHRQVHWRIDVHFRQGKLJKIUHTXHQF\SHDN)LJ
E$OWKRXJKRQO\OLPLWHGGDWDRQWKLVHOHPHQWDUHDYDLODEOHLWZDVSRVVLEOHWRHVWLPDWHLWV
UHVLVWDQFHODEHOOHG5KIDQGWHPSHUDWXUHGHSHQGHQFH7KH$UUKHQLXVSORWIRUWKHDLUVDPSOH)LJ
6VKRZVOLQHDUGDWDIRU5ZLWKDFWLYDWLRQHQHUJ\H9EXWDVPDOODQGDOPRVWWHPSHUDWXUH
LQGHSHQGHQWUHVLVWDQFHIRU5KI:HWHQWDWLYHO\DWWULEXWH5KIWRDWKLQOD\HURILURQR[LGHSUREDEO\
DWJUDLQVXUIDFHVZKLFKDFWVDVDORZUHVLVWDQFHVHULHVSDWKZD\EHWZHHQWKHPRUHUHVLVWLYHIXOO\
R[LGLVHG%L)H2JUDLQV+RZHYHUWKHDPRXQWRILURQR[LGHIRUPHGZDVWRRVPDOOWRGHWHFWE\
;5'5LHWYHOGUHILQHPHQWRIWKHDLUVDPSOH7DEOH6VKRZHGZWRIWKH%L)H2PDLQ
SKDVH:HKDYHQRWVWXG\DQ\IXUWKHUWKHGHFRPSRVLWLRQRI%L)H2
:HDUHDZDUHRIRQO\RQHRWKHUSDSHUWKDWUHSRUWVLPSHGDQFHPHDVXUHPHQWVRI%L)H2>@
6DPSOHVZHUHVLQWHUHGDWR&SUREDEO\LQDLUDQGVKRZYDULRXVFKDUDFWHULVWLFVRIWKHDLUDQG
1VDPSOHVPHDVXUHGKHUH6SHFLILFDOO\0´SORWVVKRZHGDKLJKIUHTXHQF\WDLOVLPLODUWRWKDWLQ
)LJEDQGDQ$UUKHQLXVSORWZLWKVLPLODUDFWLYDWLRQHQHUJ\WRWKH1VDPSOHVVKRZQLQ)LJ
+RZHYHUWKHFRQGXFWLYLWLHVUHSRUWHGLQ>@ZHUHDWWULEXWHGWRWKHSUHVHQFHRIR[\JHQYDFDQFLHV
IRUZKLFKZHILQGQRHYLGHQFHIURPWKH&¶GDWD)LJVF











)LJ$UUKHQLXVSORWVIRU%L)H2DQQHDOHGLQ2DQGLQ1IRUKKDQGK


,QVXPPDU\ZHLQWHUSUHWWKHLPSHGDQFHGDWDWRLQGLFDWHWKDWFRQGXFWLRQLQR[\JHQVWRLFKLRPHWULF
%L)H2LVHOHFWURQLFZLWKQRHYLGHQFHRIDQ\LRQLFFRQGXFWLYLW\WKHVDPSOHHOHFWURGHFRQWDFW
ZLWK$XHOHFWURGHVKDVDQHJOLJLEOHUHVLVWDQFHLQFRPSDULVRQZLWKWKHKLJKVDPSOHUHVLVWDQFH7KH
KLJK IUHTXHQF\ EXON SHUPLWWLYLW\ KDV D YDOXH RI  W\SLFDO RI GLHOHFWULF PDWHULDOV ZLWK QR
HYLGHQFHRILQFLSLHQWIHUURHOHFWULFLW\%L)H2LVVWDEOHLQ2DWR&EXWJUDGXDOO\GHFRPSRVHV
LQDWPRVSKHUHVRIORZHUS2DVVKRZQE\DQLQFUHDVHLQRYHUDOOFRQGXFWLYLW\WKHDSSHDUDQFHRID
KLJKIUHTXHQF\FRQGXFWLQJHOHPHQWZLWK]HURDFWLYDWLRQHQHUJ\DQGWKHJUDGXDODSSHDUDQFHRI
)H2LQ;5'GDWD
 ? ?

%L)H2
3KDVHSXUH VDPSOHV RI %L)H2 ZLWK WKH VLOOHQLWH VWUXFWXUH ZHUH SUHSDUHG E\ ERWK
PHFKDQRV\QWKHVLVDQGVROLGVWDWH UHDFWLRQ3RZGHU;5'GDWD)LJ6DQG7DEOH6VKRZWKH
VLQJOHSKDVHQDWXUHRI WKHSURGXFWV7KHVWUXFWXUHZDV UHILQHGXVLQJ OLWHUDWXUHGDWDDV VWDUWLQJ
PRGHODQGDJDLQWKHUHILQHGFRRUGLQDWHVZHUHLQJRRGDJUHHPHQWZLWKWKHOLWHUDWXUH>@&ROG
SUHVVHGSHOOHWVRI%L)H2ZHUHVLQWHUHGDW&6(0GDWDVKRZLQJDJUDLQVL]HRI
ȝPDUHSUHVHQWHGLQ)LJWKHGHQVLW\ZDVHVWLPDWHGWREH








)LJ6(0PLFURJUDSKRIWKHFURVVVHFWLRQRIDSHOOHWRI%L)H2SUHSDUHGE\PHFKDQRV\QWKHVLVDQG
VLQWHUHGDW&

,PSHGDQFHGDWDRYHUWKHWHPSHUDWXUHUDQJHURRPWHPSHUDWXUH&DUHVKRZQLQ)LJ6LPLODU
UHVXOWVZHUHREWDLQHGIRUERWKVHWVRIVDPSOHV7KHLPSHGDQFHFRPSOH[SODQHSORWVKRZVDW
&D WZRSRRUO\UHVROYHGDUFV$W WHPSHUDWXUHVDERYH&DVPDOO ORZIUHTXHQF\ WDLO LV
REVHUYHGLQFUHDVLQJO\DQGWKHWZRDUFVPHUJHWRJLYHDVLQJOHDV\PPHWULFGLVWRUWHGDUF0HUJLQJ
RIWKHWZRDUFVLVDOVRLQGLFDWHGE\WKHFDSDFLWDQFH&¶GDWDELQZKLFKWZRFDSDFLWDQFHSODWHDX[
DSSHDU DW LQWHUPHGLDWH DQG KLJK IUHTXHQFLHV LQ WKH WHPSHUDWXUH UDQJH  & 7KH KLJK
IUHTXHQF\&¶SODWHDX LV IUHTXHQF\LQGHSHQGHQWDQG LVFOHDUO\ VHHQDW WKH ORZHVW WHPSHUDWXUHV
ZLWKDYDOXHRIaS)ZKHUHDV WKH LQWHUPHGLDWH IUHTXHQF\&¶SODWHDX LVERWK IUHTXHQF\ DQG
WHPSHUDWXUHGHSHQGHQWZLWKYDOXHVRIaS)DQGN+]DW&DQGaS)DQGN+]DW
&7KHLQFUHDVLQJVLPLODULW\RIWKHWZRFDSDFLWDQFHYDOXHVZLWKLQFUHDVLQJWHPSHUDWXUHLQGLFDWHV
DQ LQFUHDVLQJ VLPLODULW\ LQ WKH WLPH FRQVWDQWV JLYHQ E\ WKH 5& SURGXFW RI WKH FRPSRQHQWV
UHVSRQVLEOHIRUWKHWZRSODWHDX[DQGWKHDUFVVHHQLQWKHLPSHGDQFHFRPSOH[SODQHSORWVD$V
WKHWLPHFRQVWDQWYDOXHVEHFRPHPRUHVLPLODUWKHLPSHGDQFHDUFVRYHUODSLQFUHDVLQJO\EHFDXVH
WKHIUHTXHQFLHVDWWKHLUPD[LPDȦPD[JLYHQE\ȦPD[5& EHFRPHPRUHVLPLODU
7KHKLJKIUHTXHQF\&¶SODWHDXFRUUHVSRQGVWRWKHKLJKIUHTXHQF\FRPSRQHQWRIWKHGLVWRUWHGDUF
REVHUYHGLQWKHLPSHGDQFHFRPSOH[SODQHSORWDDQGUHSUHVHQWVWKHEXONUHVSRQVHRIWKHVDPSOH
7KHLQWHUPHGLDWHIUHTXHQF\&¶SODWHDXEFRUUHVSRQGVWRWKHORZIUHTXHQF\FRPSRQHQWRIWKH
GLVWRUWHGDUFVHHQLQDWKHSRVVLEOHRULJLQRIWKLVFDSDFLWDQFHLVGLVFXVVHGODWHU$ODUJHLQFUHDVH
LQFDSDFLWDQFHLVVHHQDW&DWORZHUIUHTXHQFLHVEDVVRFLDWHGZLWKWKHWDLOREVHUYHGLQ
 ? ?

WKHLPSHGDQFHFRPSOH[SODQHSORWVD7KLVLQFUHDVHLQFDSDFLWDQFHDWORZIUHTXHQFLHVUHDFKHV
YDOXHVLQWKHȝ)UDQJHDQGLVDQLQGLFDWRURISRVVLEOHLRQLFFRQGXFWLRQ
)LJXUH 6 VKRZV WKH LPSHGDQFH GDWD DW KLJK WHPSHUDWXUHV  & IRU %L)H2 7KH
FRPSOH[SODQHSORWVDVKRZWKHPDLQGLVWRUWHGVHPLFLUFXODUDUFDQGDVPDOOORZIUHTXHQF\DUF
=¶¶0¶¶ VSHFWURVFRSLF SORWV E VKRZ VLQJOH RYHUODSSLQJ SHDNV DWWULEXWHG WR WKH VDPSOH EXON
UHVSRQVHDQGUHOD[DWLRQIROORZHGE\DEURDGORZIUHTXHQF\=´SHDNFRUUHVSRQGLQJWRWKHORZ
IUHTXHQF\ UHVSRQVH RI WKH VDPSOH &DSDFLWDQFH &¶ GDWD F VKRZ WZR IUHTXHQF\ GLVSHUVLRQV
DERYHDQGEHORZ+]OHDGLQJWRWKHEXONFDSDFLWDQFHSODWHDXDWKLJKHUIUHTXHQF\DQGWRDQ
HOHFWURGHFRQWDFWFDSDFLWDQFHDWORZHUIUHTXHQFLHV




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

















)LJ,PSHGDQFHGDWDRYHUWKHWHPSHUDWXUHUDQJH&IRU%L)H2SUHSDUHGE\PHFKDQRV\QWKHVLV
DQG VLQWHUHG DW & D ,PSHGDQFH FRPSOH[ SODQH SORWV E &¶ VSHFWURVFRSLF SORWV F =´0´
VSHFWURVFRSLFSORWVDW&
 ? ?

7KHGHSHQGHQFHRIWKHLPSHGDQFHUHVSRQVHRQDWPRVSKHUH1DLUDQG2DQGdcELDVLVVKRZQ
DW&LQ)LJ6%RWKDUFVGHFUHDVHUHYHUVLEO\LQVL]HDVS2LQFUHDVHGDZKLFKVXJJHVWV
WKDWWKHHOHFWURQLFFRPSRQHQWRIWKHRYHUDOOFRQGXFWLRQLVSW\SH$VLPLODUEHKDYLRULVREVHUYHG
RQDSSOLFDWLRQRIDdcELDV VLQFHERWKDUFVDOVRGHFUHDVH LQVL]H UHYHUVLEO\ E ,W LV WKHUHIRUH
FRQFOXGHGWKDW%L)H2LVERWKDQR[LGHLRQFRQGXFWRUIURPWKHPDJQLWXGHRIWKH&¶YDOXHV
DFKLHYHG DW ORZ IUHTXHQFLHV DQG D pW\SH VHPLFRQGXFWRU IURP WKH DWPRVSKHUH DQG ELDV
GHSHQGHQFHRIWKHFRQGXFWLYLW\>@
7KHRULJLQRIWKHSW\SHFRPSRQHQWRIWKHFRQGXFWLYLW\LVQRWNQRZQ,WFRXOGEHGXHWRDVPDOO
DPRXQWRI)HLRQVLQWKHSUHVHQFHRISULPDULO\)HLRQVLQWKHVLOOHQLWHVWUXFWXUH$OWHUQDWLYHO\
LWFRXOGUHSUHVHQWKROHVWUDSSHGRQXQGHUERQGHGR[\JHQDV2LRQV>@RUDVPDOODPRXQWRI%L
LQ WKH SUHVHQFH RI SUHGRPLQDQWO\ %L 6LQFH WKHUH LV D VLJQLILFDQW DFWLYDWLRQ HQHUJ\ IRU
FRQGXFWLRQWKHKROHVPXVWEHORFDOL]HGRQDVSHFLILFDWRPLFVSHFLHVUDWKHUWKDQGHORFDOL]HGLQD
FRQGXFWLRQEDQG
,QRUGHUWRDQDO\]HIXUWKHUWKHLPSHGDQFHUHVXOWVIRU%L)H2LWZDVHVVHQWLDOWRILQGWKHPRVW
DSSURSULDWHHTXLYDOHQWFLUFXLWWRUHSUHVHQWWKHLPSHGDQFHUHVSRQVH,QSDUWLFXODULWZDVQHFHVVDU\
WRXQGHUVWDQGWKHRULJLQRIWKHLQWHUPHGLDWHIUHTXHQF\FDSDFLWDQFHSODWHDXVHHQLQEOHDGLQJWR
WKHGLVWRUWHG LPSHGDQFHDUFVHHQ LQ D ,W VHHPHGXQOLNHO\ WKDW WKH LQWHUPHGLDWH IUHTXHQF\&¶
SODWHDXFRXOGFRUUHVSRQGWRDJUDLQERXQGDU\LPSHGDQFHLQVHULHVZLWKWKHEXONLPSHGDQFHVLQFH
LWVYDOXHZDVRQO\WLPHVJUHDWHUWKDQWKDWRIWKHEXONFDSDFLWDQFH,ILWGLGUHSUHVHQWDJUDLQ
ERXQGDU\HIIHFWWKHQWKHJUDLQERXQGDU\ZRXOGFRQVWLWXWHDODUJHYROXPHIUDFWLRQRIWKHHQWLUH
VDPSOHZKLFK LVXQOLNHO\7KLVFRQFOXVLRQ LVEDVHGRQ WKHDVVXPSWLRQ WKDW LEXONDQGJUDLQ
ERXQGDULHVKDYHVLPLODUSHUPLWWLYLWLHVDQGLLWKHFDSDFLWDQFHYDOXHLVLQYHUVHO\SURSRUWLRQDOWR
WKHWKLFNQHVVRIWKHUHJLRQUHVSRQVLEOH
)URPWKHORZYDOXHVRIWKHLQWHUPHGLDWHIUHTXHQF\SODWHDXLWVHHPHGPRUHOLNHO\WKDWDSDUDOOHO
FLUFXLW ZDV DSSURSULDWH FRQVLVWLQJ RI D FRPELQDWLRQ RI WZR FRPSRQHQWV WKDW UHSUHVHQWHG ORQJ
UDQJHFRQGXFWLRQDQGGLHOHFWULFUHOD[DWLRQ)LJLQVHW7KLVFLUFXLWKDVEHHQVKRZQUHFHQWO\WR
PRGHODFFXUDWHO\ WKH LPSHGDQFHGDWDRI\WWULDVWDELOLVHG]LUFRQLD<6=ZKLFKDOVRVKRZHGDQ
LQWHUPHGLDWH IUHTXHQF\ FDSDFLWDQFH SODWHDX ZKRVH PDJQLWXGH ZDV WRR VPDOO WR DWWULEXWH WR D
VHULHVUHODWHGLPSHGDQFH>@$JRRGILWWRWKLVFLUFXLWZDVREWDLQHGDVVKRZQIRURQHGDWDVHWLQ
)LJILWSDUDPHWHUVDUHVXPPDUL]HGLQ7DEOHIRUILWVRYHUWKHWHPSHUDWXUHUDQJH&
7KHFLUFXLWVKRZQLQDUHTXLUHVH[SODQDWLRQDQGMXVWLILFDWLRQ7KHOHIWSDUWUHSUHVHQWVWKHVDPSOH
EXONDQGLVDFRPELQDWLRQRIWZRIHDWXUHV7KHHOHPHQWV5&DQG&3(UHSUHVHQWORQJUDQJH
FRQGXFWLRQ7KHVDPHHOHPHQWFRPELQDWLRQLVXVHGLQ)LJDDQGLVZLGHO\XVHGWRUHSUHVHQW
EXONFRQGXFWLRQLQPDWHULDOVDOWKRXJKVRPHDXWKRUVSUHIHUWRXVHDVLPSOLILHGFLUFXLWWKDWGRHV
QRWFRQWDLQ&7KHHOHPHQWV5DQG&UHSUHVHQWDGLHOHFWULFSURFHVVVXFKDVGLSROHUHRULHQWDWLRQ
ZKLFK GRHV QRW FRQWULEXWH WR ORQJ UDQJH FRQGXFWLRQ GXH WR WKH SUHVHQFH RI WKH EORFNLQJ
 ? ?

FDSDFLWDQFH & ,Q WKH FDVH RI <6= WKH GLSROHV ZHUH DWWULEXWHG WR DVVRFLDWLRQ RI RSSRVLWHO\
FKDUJHG<=UµGRSDQWVDQGR[\JHQYDFDQFLHV9R
7KH ULJKW SDUW RI WKH FLUFXLW D UHSUHVHQWV WKH VDPSOHHOHFWURGH FRQWDFW ,I WKH VDPSOH ZHUH
H[FOXVLYHO\ DQ R[LGH LRQ FRQGXFWRU FRPSRQHQW 5 ZRXOG JLYH WKH OLPLWLQJ ORZ IUHTXHQF\
FRQGXFWLRQ WKURXJK WKH VDPSOHHOHFWURGH DUUDQJHPHQW VXFK DV ZRXOG EH REWDLQHG E\ dc
PHDVXUHPHQWV LQ SDUDOOHO ZLWK &3( UHSUHVHQWLQJ D SDUDOOHO FRPELQDWLRQ RI D FKDUJH WUDQVIHU
UHVLVWDQFH DQG D EORFNLQJ FDSDFLWDQFH DVVRFLDWHG ZLWK DQ R[\JHQEDVHG UHGR[ UHDFWLRQ
$OWHUQDWLYHO\ 5 PD\ UHSUHVHQW DQ HOHFWURQLF VKRUW FLUFXLW DW WKH VDPSOHHOHFWURGH LQWHUIDFH
DVVRFLDWHGZLWKWKHHOHFWURQLFFRPSRQHQWRIWKHRYHUDOOFRQGXFWLRQWKURXJKWKHVDPSOH
8VLQJWKHILWWHGSDUDPHWHUYDOXHVJLYHQLQ7DEOH$UUKHQLXVFRQGXFWLYLW\SORWVIRU55DQG5
DUHVKRZQLQ)LJI5UHSUHVHQWVWKHRYHUDOOUHVLVWDQFHWRORQJUDQJHFRQGXFWLRQWKURXJKWKH
FHUDPLFDQGFRQVLVWVRIDFRPELQDWLRQRILRQLFDQGHOHFWURQLFFRQGXFWLRQSURFHVVHV:HKDYHQRW
PDGHWUDQVSRUWQXPEHUPHDVXUHPHQWVWRVHSDUDWHWKHLRQLFDQGHOHFWURQLFFRQGXFWLYLWLHVEXWQRWH
WKDWWKHDFWLYDWLRQHQHUJ\IRU5H9LVVLJQLILFDQWO\OHVVWKDQWKDWaH9RIW\SLFDOJRRG
R[LGH LRQFRQGXFWRUVVXFKDV<6=7KLVPD\EHEHFDXVHFRQGXFWLRQLQ%L)H2 LVSULPDULO\
HOHFWURQLFRUEHFDXVHFRRSHUDWLYHLQWHUDFWLRQVEHWZHHQWKHPRELOHLRQLFDQGHOHFWURQLFVSHFLHV
DFWWRUHGXFHWKHRYHUDOODFWLYDWLRQHQHUJ\
7KH 5& FRPELQDWLRQ )LJ D UHSUHVHQWV D GLHOHFWULF UHOD[DWLRQ SURFHVV LQ ZKLFK 5 LV
FRQILQHGWRORFDOFKDUJHGLVSODFHPHQWV7KHUHDUHVHYHUDOSRVVLEOHRULJLQVRIWKLVHIIHFW,WFRXOG
UHSUHVHQWUHRULHQWDWLRQRIWUDSSHGLRQLFGLSROHVVXFKDVKDYHEHHQSURSRVHGLQ<6=>@,WPD\
DOVR UHSUHVHQW UHRULHQWDWLRQ RI WUDSSHG HOHFWURQLF GLSROHV ZKRVH QDWXUH LV XQNQRZQ $ WKLUG
SRVVLELOLW\LVWKDW%L)H2KDVDWWKHVHPHDVXUHPHQWWHPSHUDWXUHVDUHVLGXDOIOXFWXDWLQJGRPDLQ
VWUXFWXUHDVVRFLDWHGZLWKHLWKHULQFLSLHQWIHUURHOHFWULFRUUHOD[RUEHKDYLRUDWORZHUWHPSHUDWXUHV
5ZRXOGWKHUHIRUHUHSUHVHQWWKHUHVLVWDQFHWRGRPDLQUHRULHQWDWLRQ7KLVSRVVLELOLW\LVVXSSRUWHG
E\ WKH YDOXHV RI & 7DEOH  ZKLFK GHFUHDVH ZLWK LQFUHDVLQJ WHPSHUDWXUH DV RFFXUV ZLWK
IHUURHOHFWULFPDWHULDOVLQWKH&XULH:HLVVUHJLRQDERYHWKHLU&XULHWHPSHUDWXUH
:HQRWHWKDWDVLPLODUHIIHFWKDVEHHQVHHQLQWKHVWRLFKLRPHWULFVLOOHQLWHSKDVH%L6L2>@
7KDWVWXG\IRFXVHGRQWKHEXONUHVSRQVHRIWKHFHUDPLFVDPSOHIRUZKLFKDQHTXLYDOHQWFLUFXLW
ZDVSURSRVHGWKDWDOVRFRQWDLQHGDSDUDOOHOFRPELQDWLRQRIFRQGXFWLQJDQGGLHOHFWULFHOHPHQWV
7KHYDOXHRI&[HTXLYDOHQWWR&KHUHVKRZHGDVLJQLILFDQWGHFUHDVHZLWKLQFUHDVLQJWHPSHUDWXUH
DQGZDVDWWULEXWHGWRUHOD[RUOLNHEHKDYLRU
5HVLVWDQFH5KDVKLJKHUDFWLYDWLRQHQHUJ\WKDQHLWKHU5RU5,WFOHDUO\UHSUHVHQWVRQHIHDWXUH
RIWKHVDPSOHHOHFWURGHFRQWDFWLPSHGDQFHEXWIXUWKHUVWXGLHVZRXOGEHUHTXLUHGWRVHSDUDWHWKH
SRVVLEOHFRQWULEXWLRQVRIHOHFWURQLFFRQGXFWLRQUHGR[UHDFWLRQDVVRFLDWHGZLWKR[\JHQWUDQVIHU
DFURVV WKH LQWHUIDFH :DUEXUJOLNH LPSHGDQFH DVVRFLDWHG ZLWK GLIIXVLRQ RI R[\JHQ PROHFXOHV
WRZDUGVDZD\IURPWKHLQWHUIDFH
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
)LJ  )LWWHG DQG H[SHULPHQWDO LPSHGDQFH GDWD PHDVXUHG DW  & IRU %L)H2 SUHSDUHG E\
PHFKDQRV\QWKHVLVDQGVLQWHUHGDW&D&¶VSHFWURVFRSLFSORWELPSHGDQFHFRPSOH[SODQHSORWF
<¶ VSHFWURVFRSLF SORW G =´0´ VSHFWURVFRSLF SORWV H =¶=´ VSHFWURVFRSLF SORWV DQG UHVLGXDOV I
$UUKHQLXVSORWIRU55DQG5

 ? ?

,QVXPPDU\WKHHOHFWULFDOSURSHUWLHVRI%L)H2DUHFRPSOH[DQGVKRZFOHDUHYLGHQFHIRUPL[HG
FRQGXFWLRQ RI HOHFWURQ KROHV DQG R[LGH LRQV WRJHWKHU ZLWK SRVVLEOH UHOD[RU RU IHUURHOHFWULF
EHKDYLRUDWWHPSHUDWXUHVEHORZWKHPHDVXUHPHQWWHPSHUDWXUHVXVHGKHUH
6LPLODUUHVXOWVDQGFRQFOXVLRQVZHUHREWDLQHGIRUERWKFRQYHQWLRQDODQGPHFKDQRV\QWKHVL]HG
VDPSOHV7KHHOHFWULFDOSURSHUWLHVDUHLQWULQVLFWRWKHPDWHULDOWKHUHIRUHDQGQRWGHSHQGHQWRQWKH
V\QWKHVLVFRQGLWLRQV



7DEOH  )LWWHG SDUDPHWHUV IRU WKH HTXLYDOHQW FLUFXLW VKRZQ LQ )LJ D LQVHW XVHG WR VLPXODWH WKH
LPSHGDQFHGDWDIRU%L)H2SUHSDUHGE\PHFKDQRV\QWKHVLVDQGVLQWHUHGDW&
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7&    
5NȍFP [   
$S6FPUDGQ    
Q  IL[HG IL[HG IL[HG
&S)FP  IL[HG IL[HG IL[HG
&S)FP    
5NȍFP [ [  
$ȝ6FPUDGQ    
Q   IL[HG IL[HG
5NȍFP    
7&   
5NȍFP   
$S6FPUDGQ   
Q IL[HG IL[HG IL[HG
&S)FP IL[HG IL[HG IL[HG
&S)FP   
5NȍFP   
$ȝ6FPUDGQ   
Q IL[HG IL[HG IL[HG
5NȍFP   
 ? ?

&RPSDULVRQRIFRQGXFWLYLW\GDWDIRU%LIHUULWHV
$UUKHQLXVFRQGXFWLYLW\SORWVIRUWKHYDULRXVPDWHULDOVVWXGLHGKHUHDUHFROOHFWHGWRJHWKHULQ)LJ
'DWDDUHDOVRVKRZQIRUDQLQVXODWLQJVDPSOHRI%L)H2SUHSDUHGE\PHFKDQRV\QWKHVLVDQGD
OHDN\VDPSOHJLYHQDILQDOVSDUNSODVPDVLQWHULQJWUHDWPHQW>@&RQGXFWLYLW\GDWDIRUWKH
PXOOLWHSKDVH%L)H2 DUHPRUH WKDQRQHRUGHURIPDJQLWXGH OHVV WKDQ WKDW RIERWK%L)H2
VDPSOHVDQGWKHUHIRUHVPDOODPRXQWVRI WKLVSKDVHZRXOGSUREDEO\QRWEHGHWHFWHGE\,6DQG
ZRXOGQRW FRQWULEXWH WR WKH FRQGXFWLYLW\RI OHDN\%L)H27KH VLOOHQLWHSKDVH%L)H2 KDV
FRQGXFWLYLW\YDOXHVRI WKHVDPHRUGHUDVWKRVHUHSRUWHGIRU%L)H2EXWPXFKORZHUDFWLYDWLRQ
HQHUJ\ ,W VHHPV XQOLNHO\ WKHUHIRUH WKDW WKH VLOOHQLWH SKDVH FRXOG EH UHVSRQVLEOH IRU OHDNDJH
FRQGXFWLYLW\RI%L)H2
7KH VDPSOH VXEMHFWHG WR 636 WUHDWPHQW )LJ  VKRZHG QW\SH VHPLFRQGXFWLYLW\ ZKLFK ZDV
VXEVHTXHQWO\UHPRYHGE\DQQHDOLQJLQDLUDW&8QGHUKLJKO\UHGXFLQJFRQGLWLRQVVXFKDV
LQ 636 R[\JHQ ORVV OHDGLQJ WR QW\SH VHPLFRQGXFWLYLW\ FDQ RFFXU DQG PD\ DFFRXQW IRU WKH
REVHUYDWLRQLQWKHOLWHUDWXUHWKDWVDPSOHVPD\VKRZQW\SHEHKDYLRUDQGWKHSUHVHQFHRI)HLRQV
>@
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






)LJ$UUKHQLXVSORWVIRU%L)H2DQQHDOHGLQ2%L)H2SUHSDUHGE\PHFKDQRV\QWKHVLVDQGVLQWHUHG
DW&5%L)H2SUHSDUHGE\PHFKDQRV\QWKHVLVDQGVLQWHUHGDW&>@DQG%L)H2SUHSDUHGE\
PHFKDQRV\QWKHVLVDQGVLQWHUHGE\636>@


&RQFOXVLRQV
:HUHSRUWDGHWDLOHGFKDUDFWHUL]DWLRQRIWKHHOHFWULFDOSURSHUWLHVRIWZRELVPXWKIHUULWHV%L)H2
DQG %L)H2 DQG FRQFOXGH WKDW XQGHU QRUPDO FRQGLWLRQV RI V\QWKHVLV RI %L)H2 DW KLJK
WHPSHUDWXUHV LQ DWPRVSKHUHV RI HLWKHU DLU RU R[\JHQ WKHVH RWKHU ELVPXWK IHUULWH SKDVHV DUH
XQOLNHO\WREHWKHUHDVRQIRUDQ\OHDNDJHFRQGXFWLYLW\LQ%L)H2
 ? ?

%L)H2ZLWKDPXOOLWHVWUXFWXUHKDVEHHQGHVFULEHGLQWKHOLWHUDWXUHDVDPXOWLIHUURLFEDVHGRQ
ZHDNRYDOVKDSHGµIHUURHOHFWULF¶K\VWHUHVLVORRSV2XUKLJKIUHTXHQF\LPSHGDQFHPHDVXUHPHQWV
VKRZQRHYLGHQFHIRUDWHPSHUDWXUHGHSHQGHQWEXONSHUPLWWLYLW\VXFKDVZRXOGEHH[SHFWHGIRU
D IHUURHOHFWULF PDWHULDO LQ WKH &XULH:HLVV UHJLRQ DERYH LWV &XULH WHPSHUDWXUH 7KH
DQWLIHUURPDJQHWLFSURSHUWLHVRI%L)H2GRKRZHYHUDSSHDUWREHZHOOHVWDEOLVKHG
%L)H2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